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PN: 92114998,0 (CN1029239C) 

HEPATITIS A ATTENUATED LIVE VACCINE AND 
ITS PREPARATION 

FIKI-D OF THE INVENTION 

The present invention is related to a hepatitis A vaccine, in particularly, lo a method 
for preparing hepatitis A virus strain 1,-A-l and for producing hepatitis A vaccine 
useful for protecting human against hepatitis A in industrial scale using said virus 
strain, 

JIACKGKOUND OF THE INVENTION 

Mcpniilis A is q worldwide rirslribuiive acute communicable diswiro caused by infection with 
hcpatilis A vims (HAV). Recent reports on epidemical survey show that in developing 
countries or regions including China, there are as many as 4 million hepatitis A cases 
per year. There is frequently large-scale outbreak and rapid spread of HAV in the 
areas where hygiene and sanitation standards are lower, especially after 
various disasters, hi these countries or regions, as the high incidence of hepatitis A 
increases!, some serious public heallh and social problems have been encountered, 
Therefore, there will be an increasing need for hq?atitis A vaccine which has a high 
specificity and safeLy and suitable for vaccinating the entire people. 

US Patent NoA164,56rt disclosed a method for obtaining inactivated hepatitis A 
vaccine using hepatitis A virus slrarn CR326 by serial passaging in various host cells, 
US Patent Nos.4,532,215 and 4,636,469 described, respectively, a strain of wild-type 
I1AV, designated IIM-175, which isolated from feces of a patient, and adapted to 5 
passages in African green monkey kidney culture cell and methods for obtaining a 
inactivated vaccine. Furthermore, US Pat. No. 4,620,978 describes a vaccine 
employing the HAV IIM-175, triply cloned in AGMK cell culture and attenuated. 
These vaccines are only in their animal experiment or pro-clinical period and there arc 
no satisfactory results were achieved (see, for example, RL. Provost ct aL, J, of Med, 
Virol., 20:1 65-175,1986; K. Midthwi ct aL, J. of Inf. Dis. f 163:735-739, 19991) . 

China Patent Application No,85l 07525 disclosed a new hepatitis A virus stain H 2 . 
However, several distinctive purifying and lyophilizing steps was used, and no 
method for industrialized large quantities production of the vaccine was disclosed . 

A live attenuated hepatitis A vaccine could have a significant impact on the 
eradication of the disease. It could be anticipated that a live attenuated, vaccine which 
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requires minimal purification and no adjuvant would be less costly than presently 
available inactivated hepatitis A vaccines. 

There is a need in the art for methods and HAV live vaccine or its compositions 
which has a high specificity and safety for effective vaccination of humans and 
animals against hepatitis A. 

OIUECTS OP THE INVENTION 

H is one object of the invention to provide a method for preparing hepatitis A live 
virus strain, which comprises preparing a suspension of feces of a patient suffering 
from acute hepatitis A, and infecting human fetal lung diploid cells (2BS), and then 
preparing the extracts of the cells when titers of the virus is reached to its peak value, 
and attenuating the viral strain by serial passaging. 

It is another object of the invention lo provide a attenuated hepatitis A live viral strain 
L-A-l prepared by the method described as above, the sample of this strain have been 
deposited in China Center for Type Culture Collection under Accession No.V92004. 

It is another object of the invention to provide a method for industrialized producing 
of hepatitis A live vaccine using the said viral strain L-A-l as stock virus, winch 
comprise inoculating cultivated human fetal diploid lung fibroblast cells with the 
resultant attenuated virus L-A-l and cultivating the cells for about 4 weeks, and then 
further cultivating cells at a temperature of about 35-36 "C. 

DETAIL DESCRIPTION OF THE INVENTION 

The present invention provide a attenuated hepatitis A viral strain L-A-l, and a 
method for producing hepatitis A vaccine by isolating hepatitis A virus particle from 
feces of a acute hepatitis A patient, and inoculating the purified vims on human fetal 
diploid Jung fibroblast cells and serial passaging in the same cell substrata to obtain 
desired ailemiated hepatitis A strain, which can be used for producing hepatitis A 
vaccine in industrial scale. 

The present invention further provides hepatitis A virus (HAV) adapted to growth in 
the human fetal fibroblast cell line, 2BS, a cell substrate suitable for commercial 
production and licensing of inactivated and live hepatitis A vaccines. In addition to 
such adapted If AVs, the invention provides a method for adapting a selected HAV to 
growth iu (hat human cell line and preparing an 2BS-adapled, attenuated HAV 
without passaging in other primate cells. The HAV of this invention and the 
preparative method also preferably provides the HAV with sufficient attenuation to 
enable its efficacy as a vaccine for humans and animals. 

Although the prior arts disclose other candidate vaccine strains of hepatitis A virus 
which have been adapted to growth in human diploid fibroblasts, sufficient for such 
adaphtion have not been characterized. Thus, these strains cannot he manipulated in 
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vilro to assure a reproducible in large quantities and fully-characterized vaccine 
product. 

In the method for direct isolation of HAV taken from stool samples of humans with 
acute hepatitis A, and further isolating and propagating the virus in a suitable substrate, 
the step which comprises directly passaging said virus in the same tissue culture 
cells to form a serological test or radioimmunoassay of anti-HAY 

1 , preparation of hepatitis A strain |,~A-1 

1, preparation of viral inoculum 

A new strain of JTAV, L-A-l, was isolated from clinical specimens derived from an 
outbreak of the vims in China. Stool suspensions were prepared as 4% extracts in 
modified Eagle medium (MEM), pH 7.4, clarified by low speed centrifugation and 
removed bacteria by ultrafiltration using a 20Gnrn filter. The resultant filtrate was 
tested by conventional serological and morphological observation, and it demonstrates 
thm some hepatitis A virosnmc sized 27-32nm were presented therein. This stool 
extract was used as viral inoculum. 



2, Isolation and purification of virus 

Cell cultures of human fetal lung diploid fibroblast cells (2BS) were used for virus 
propagation. The cells were maintained in maintenance medium (Eagle's minimal 
essential medium, MEM) supplemented wilh 5% inactivated fclal bovine serum (FBS) 
for about 5-8 days to form a dense confluent cell monolayer in a roller botlle 
apparatus. The cultures were then inoculated with IIAV seed virus obtained ns above 
at a multiplicity of infection (m.oJ.) of 0.02-10. The cells were allowed a 4-hour 
period of absorption, afier which they were again sustained in maintenance medium 
supplemented with ascorbic acid and cultivated at 32-34 degree C. The medium were 
changed and the cultures wcro assayed by direct immunofluorescence (IE) for 
hepatitis A antigen at weekly intervals. After 3^ weeks, the cells were harvested by 
treatment with Irypsin-KDTA and were disrupted by repeatedly fteczc-thaw process 
when vii nl liters reached its peak levels. After centrifugation, the resultant extract was 
used as viral stock of hepatitis A virus for farther attenuation. 

3 t Attenuation of vims by serial passaging 

The obtained virulent strain were attenuated by serial passaging in the same cell 
substrate (the 2HS cells described as above). For this purpose, Cultures of 2RS cells 
were washed with the same medium (fresh eagle's medium) and inoculated with 
various dilution of stool material containing L-A-l virus. The harvested infected 2J3S 
cells wcru cultivated at about 32 degree C. and then the cultivated at an elevated 
lempcratiire (about 37'C) by about 4-5 passges. The cell cultures were subclone^ by 
terminal dilution at five passage intervals , 
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To estimate the immunogenic} ty of the virus strain, marmosets (Sauguims fuseicollia) 
as model animal were inoculated in vivo with the L-A-3 strain ofHAV prepared as 
above at about 10-25 passages post inoculation. The results show that the virulent 
strain was substantially attenuated by 10 passages post inoculation, and a satisfactory 
effect of attenuation was obtained by about 20 passages. A direct immunofluorescence 
was performed by staining with fluorescein-conjugated hyperimmune serum from a 
the primate species which .had been infected with the L-A-l strain ofHAV. The vims 
were harvested when about 90-100% of infected cells inoculated with 10* 2 dilution of 
attenuated virus prepared as above were positive by IF for viral antigen. 

The sample of the resultant virus strain L-A-l is available fromihe China Center for 
Type Culture Collection in Wuhan, China at December 12, 1992 under CCTCC 
designiliun number V92004. 

II , production of hepatitis A Jive vaccine 

The attenuated live virus strain L-A-l of the present invention can be used for 
preparation of hepatitis A vaccine or its composition in large-scale that useful for 
protect jug human against hepatitis A by directly inoculating a eell monolayer of 
human fetal lung diploid cells in a suitable medium using roller bottle apparatus, and 
cultivating the cells at a lower temperature. 

For the purpose, cultured human fetal lung diploid fibroblast cells were proliferated 
by serial passiging in MEM medium supplemented with 10-1 5% inactivated fetal 
bovine serum (f'BS), pH7.2-7,6. The cells were then cultivated for 5-8 days to form a 
dense confluent and well-distributed cell monolayer in a roller bottle apparatus. After 
low speed ccnlrifugation, the medium was removed. Cultures of 2BS cells were 
washed 3-5 times with fresh (MEM) and inoculated with various dilution of stool 
material containing L-A-l vims. The infected cells were cultivated at about 34-361: 
with medium exchange at weekly intervals. After about 4 weeks, die maintenance medium and 
the residual FttS were discarded, mid "then a 199 medium for the vaccine were directly added lo 
culture bottle and further cultivation was conducted for about 2-5 days at a lower temperature: of 
32-34 degree C. Upon cultivation, the cells were disrupted by repeatedly frccze-rhaw 
and ultrasonic treatment, and the cell debris and subcellular structures were removed 
by ccnlrifugation. The supernatant so obtained as HAV stock suspension were 
collected. 

The vaccine slock material ofHAV should Anther be detected in term of viral tilers, 
safeties in experimental animals, content of residual FCS, contaminant ofbacteria and 
mycoplasmas and the like in accordance with Chinese Requirement for Bilogical 
Products before clinical trial in human or animals. 

In method of the invention for producing hepatitis A vaccine, the improvements are 
following : (1) a roller bottle cultivation was lake place of conventional static 
cultivation in period of propagating 2BS cells for substantially expanding the area of 
ccihnonohiycr under cultivation and minimizing residue of FCS; (2) Based on 
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biological properties of H AV, Eagle's medium was used for washing the cells for the 
benefit of adsorption of virus on the cells; (3) Add directly 199 medium for (he vaccine 
into culture bottle to minimize loss of virus and to maximize the recoveries and titers of 
virus. 

The attenuation phenotype of these viruses may be evaluated in marmosets by 
techniques such as described below for HAV sixain H-.A-1 . As stated above, after a 
total often passages in 2-1JS cells at reduced temperature, the resultant virus was 
examined for its biological characteristics in cell culture and in marmosets that arc 
considered to be surrogates for man. The HAV Ii-A-1 virus was found to be 
tcmpcrnturc-scnsitivc (i.e., only grew at reduced temperatures) in 2-BS cells but was 
.still capable of growing at 37.degrcc. In marmoset monkeys, the vims replicated 
poorly or not at all. This reduced capacity for replication in primates was further 
confirmed in human volunteers. Further, the marmosets are rendered resistant to 
challenge with virulent doses of hepatitis A virus. 

In clinical trial, volunteers received increasing titers of the live attenuated hepatitis A 
vaccine which was previously tested jn chimpanzees and marmosets as described 
above. These pre-olinical studies demonstrated that the vaccine was safe, 
immunogenic, and efficacious in experimental animal models. 

In our clinical trials in human, about J 00 hundreds healthy volunteers living in 
about 30 local areas in China were vaccinated with our hepatitis A vaccine (lml) 
based on the wild type live I IAV strain I^A-1 ( 10 6,5 TClD 30 /ml) from different 
batches. Among (hem, about 3,500 persons came from different regions of China were 
monitored and followcd-up for local or systemic side effects were monitored during 
the admission period and for 12 weeks following the immunization. Volunteers were 
asked to return at 6 and 12 months for serological follow-up including 
iiminoirasfcra.se levels (ALT and GPT), seroconversion rates and anti-HAV tilers, and 
virological examination of faecal extract. Stools were collected from the volunteers 
two to three times per week for the first 12 weeks and were tested for the presence of 
hepatitis A virus by radioimmunoassay, Sera were obtained prior to immunization and 
once a week for the next 12 weeks. In volunteers who completed the appropriate 
follow-up time, sera were also obtained at 6 and 12 months afler initial administration 
of vaccine. 

The results show that stools from all volunteers who received the vaccine were 
negative for hepatitis A virus; no local or systemic complaints wore present 
immediately afler immunization or during long-term follow-up; serum alanine 
aminotransferase levels remained normal in all individuals during the period of 
observation, Fucthermorc, more man 95% of overall anti-HAV seroconversion rates 
were achieved after once vaccination and quantitative anti-HAV levels (GeomeLric 
Mean Titers, GMT) was about 4.438-4.464 at 4 th week and about S.098-G.276 at 8 lh 
week afler only once vaccination. 
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In followcd-up later for about four years, ihe antibody reaction were positive in all 
volunteers who received the vaccine of present invention, wliich indicate that the 
protective effects persists for about four years at least. 

The HI V vaccine of the present invention may be used to immunize uninfected 
individuals horn HIV infection or serve as an imrnunothcrapeutic for those 
individuals already infected by I-IAV or by combined JIAV/HB s A e . The HIV vacric 
of the present invention invokes an immune response including CTLs which 
recognize and attack HIV infected cells and recognize the widest contingent of HIV 
protein. Thus, uninfected individuals are protected from HIV infection. 

KXAMPLE 



The following example 1 and 2 described preparation of vims strain H-A-l and HAV 
vaccine, respectively. 
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